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OBJECTIVE—To evaluate mechanisms underlying diabetic
neuropathy progression using indexes of sural nerve morphom-
etry obtained from two identical randomized, placebo-controlled
clinical trials.
RESEARCH DESIGN AND METHODS—Sural nerve myelin-
ated ﬁber density (MFD), nerve conduction velocities (NCVs),
vibration perception thresholds, clinical symptom scores, and a
visual analog scale for pain were analyzed in participants with
diabetic neuropathy. A loss of 500 ﬁbers/mm
2 in sural nerve
MFD over 52 weeks was deﬁned as progressing diabetic neurop-
athy, and a MFD loss of 100 ﬁbers/mm
2 during the same time
interval as nonprogressing diabetic neuropathy. The progressing
and nonprogressing cohorts were matched for baseline charac-
teristics using an O’Brien rank-sum and baseline MFD.
RESULTS—At 52 weeks, the progressing cohort demonstrated a
25% decrease (P  0.0001) from baseline in MFD, while the
nonprogressing cohort remained unchanged. MFD was not af-
fected by active drug treatment (P  0.87), diabetes duration
(P  0.48), age (P  0.11), or BMI (P  0.30). Among all variables
tested, elevated triglycerides and decreased peroneal motor NCV
at baseline signiﬁcantly correlated with loss of MFD at 52 weeks
(P  0.04).
CONCLUSIONS—In this cohort of participants with mild to
moderate diabetic neuropathy, elevated triglycerides correlated
with MFD loss independent of disease duration, age, diabetes
control, or other variables. These data support the evolving
concept that hyperlipidemia is instrumental in the progression of
diabetic neuropathy. Diabetes 58:1634–1640, 2009
T
wenty-three million Americans have diabetes,
and the incidence is increasing by 5% per year.
The most common complication of diabetes is
peripheral neuropathy, occurring in 60% of all
diabetic patients (1–3). In the U.S., diabetic neuropathy is
the leading cause of diabetes-related hospital admissions
and nontraumatic amputations (1–3). Current methods
used to conﬁrm diabetic neuropathy and measure its
progression include presence of symptoms, clinical signs,
deﬁcits in nerve conduction studies (NCVs), and quantita-
tive sensory measures (1–3). Changes in these parameters
correlate with anatomical evidence of decreased large and
small myelinated ﬁber densities (MFDs) in the sural nerve
(4,5) and the epidermis (intraepidermal nerve ﬁber den-
sity) (6). Although several risk factors for diabetic neurop-
athy are identiﬁed in prior randomized or observational
clinical trials (7,8), a comprehensive understanding of
their relationship and relevance for risk assessment is still
lacking.
Diabetic neuropathy is positively correlated with the
most common marker of hyperglycemia, A1C (9). Recent
clinical evidence suggests that dyslipidemia is also asso-
ciated with diabetic neuropathy. The EURODIAB study
established a signiﬁcant association between cholesterol
and fasting triglycerides and the development of diabetic
neuropathy (10) and cardiac autonomic neuropathy (11).
A review by Steinmetz (12) summarizes data from the U.K.
Prospective Diabetes Study Group and the Fenoﬁbrate
Intervention and Event Lowering in Diabetes Study indi-
cate that lipid-lowering therapy reduces the incidence of
macrovascular complications and microvascular compli-
cations including retinopathy, nephropathy, and auto-
nomic neuropathy.
We are in possession of a unique repository of samples
and data, including human sural nerve biopsies with
matched blood chemistries, electrophysiology, and nerve
function tests, from participants in a large, randomized
placebo-controlled clinical diabetic neuropathy trial test-
ing acetyl-L-carnitine (ALC). Based on this material, we
assessed predictors of diabetic neuropathy by correlating
the change in sural nerve MFD, assessed at study onset
and again at study completion 1 year later, with baseline
participant characteristics. Our results indicate that those
participants with progressing diabetic neuropathy exhib-
ited signiﬁcantly elevated triglyceride levels and deﬁcits in
peroneal motor NCV at baseline. These results indicate a
role for dyslipidemia in the progression of diabetic neu-
ropathy and demonstrate that changes in motor NCV may
precede sensory nerve ﬁber loss.
RESEARCH DESIGN AND METHODS
We analyzed deidentiﬁed data obtained from two identical double-blind,
placebo controlled, multicenter, 52-week clinical diabetic neuropathy trials of
two ALC doses (1.5 and 3.0 g/day), conducted and supported by Sigma-Tau
Research (13). Both placebo and drug-treated participants were considered in
the analyses. Design of these trials is described elsewhere (13). Eligibility
criteria included A1C 5.9%, age between 18 and 70 years, diabetes duration
of 1 year, and diabetic neuropathy as deﬁned by the San Antonio Conference
(13,14). Because the data analyzed in this report were deidentiﬁed, the
University of Michigan Institutional Review Board concluded that no human
subjects were involved in this project.
Blood chemistry, clinical symptoms, and electrophysiology. Blood sam-
ples were collected at baseline, and A1C, triglycerides, cholesterol, albumin,
and hematocrit were recorded. Clinical symptoms, including pain, numbness,
paresthesia, muscle weakness, postural dizziness, problems with sweating,
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1634 DIABETES, VOL. 58, JULY 2009gastrointestinal problems, and sexual dysfunction were recorded at baseline
and at 52 weeks and scored on a scale of 0 (no symptoms) to 3 (incapacitating
symptoms). In addition, the participants’ own assessment of their most
troublesome symptom at baseline was recorded.
Vibration perception thresholds of the index ﬁnger and great toe were
assessed bilaterally in triplicate (15) at baseline and at 52 weeks using a
Vibratron (Physitemp Instruments, Clifton, NJ) (16). These measures were
completed during a 4-week run-in period prior to randomization (13). Elec-
trophysiological measurements included bilateral sural nerve amplitude and
conduction velocity, peroneal amplitude and NCV on the dominant side, and
median motor and sensory amplitudes and NCVs on the nondominant side.
Sural nerve amplitude 1 V was required for inclusion.
Sural nerve biopsies. Sural nerve biopsies were collected from the majority
of the study participants. A biopsy was taken from one ankle at the beginning
of the study, and a second biopsy was taken from the opposite ankle after 52
weeks. Morphometric parameters measured included total myelinated ﬁber
number, fascicular area, mean ﬁber size, MFD, ﬁber occupancy, and axon-to-
myelin ratio (17). MFD (ﬁbers/mm
2) in the largest fascicle was determined in
semi-thin, paraphenylene diamine–stained sections. Details of counting meth-
ods have been previously described (4,5).
Primary outcome measure. The primary outcome measure of the present
study was the difference between the initial and 52-week sural nerve MFD.
Participants without both a primary and secondary sural nerve biopsy or
blood chemistry data were excluded from our current data analyses. Of 748
participants in the study, 321 were excluded due to missing data. A total of 427
participants were included in the primary data analysis of the present study
(Fig. 1).
Data analysis. The analysis of these data were divided into two stages. In the
primary data analysis, variables were tested for a simple correlation with the
rate of MFD loss. However, a simple correlation assumes a consistent, linear
progression of diabetic neuropathy, which may not be the case. In the
secondary analysis, we balanced groups based on initial diabetic neuropathy
status and tested the signiﬁcant variables correlated with divergent outcomes.
Primary data analysis. In the cohort of 427 participants, 99.5% of clinical
symptoms, vibration perception, and electrophysiological measures were
available. The small number of missing values were imputed by the k-nearest-
neighbor technique (18). The O’Brien rank-sum (19) of each patient was
calculated at baseline using the values for NCV, amplitude, vibration percep-
tion, and the clinical symptom score. Continuous variables (e.g., A1C) from
the initial time point were correlated with change in sural nerve MFD using
the Spearman nonparametric method, and a signiﬁcance value of the corre-
lation was calculated. Categorical variables (treatment, sex, diabetes type,
most bothersome symptom at baseline, and insulin treatment) were tested for
signiﬁcant differences in sural nerve MFD by a Mann-Whitney test (20) (two
categories) or Kruskal-Wallis (21) (more than two categories).
Participant selection for the secondary data analysis. To identify factors
driving diabetic neuropathy progression, two groups of participants with a
similar sural nerve MFD and diabetic neuropathy at baseline, but differing
degrees of sural nerve MFD at 52 weeks, were deﬁned. A Perl program
evaluated the change in sural nerve MFD and identiﬁed participants with an
absolute loss of 500 ﬁbers/mm
2 over 52 weeks as having rapidly progressing
diabetic neuropathy. Participants with a loss of 100 ﬁbers/mm
2 or less over 52
weeks were identiﬁed as having nonprogressing diabetic neuropathy. Partic-
ipants with a 52-week sural nerve MFD 1,000/mm
2 greater than baseline
were excluded. Diabetic neuropathy was also estimated in the participants
using the O’Brien rank-sum score, a nonparametric combination of neuropa-
thy measures. The O’Brien rank-sum is composed of a linear combination of
the variables listed in Table 1, excluding the “most bothersome symptom at
baseline,” demographic data and drug treatment information. These 16
variables describe the NCV in three nerves, along with the corresponding
nerve amplitudes, vibration perception thresholds in the ﬁngers and toes, and
the total clinical symptom score. The program matched each participant with
rapidly progressing diabetic neuropathy with a nonprogressing diabetic
neuropathy participant with similar sural nerve MFD and O’Brien score at
baseline. The maximum difference in MFD between matching participants was
set as 1,000 ﬁbers/mm
2, and the maximum difference in the O’Brien was set as
1,000. This O’Brien threshold required that at least 3 of 16 measures of
neuropathy differ by a large degree between the participants at baseline. When
multiple participants were under the similarity thresholds deﬁned, the sam-
ples with the most similar initial ﬁber densities were matched.
All Participants
n = 748
Missing sural nerve biopsy
or blood chemistry
n = 321
Two sural nerve biopsies and
blood chemistry
n = 427
Not defined as strongly 
progressing or non-
progressing
n = 120 
Matching baseline
characteristics
Participants with the same 
baseline, but diverging into
progressing and non-
progressing groups
n = 208
Progressing Neuropathy
loss MFD >  500 fibers/mm
n = 133
Non-Progressing Neuropathy
loss of MFD < 100 fibers/mm
n = 174
2 2
FIG. 1. Schematic outline of participant selection. This ﬂow diagram represents the decision process for including or excluding participants at
each stage of the analysis.
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participants were overrepresented in the nonprogressing group. This enrich-
ment was not statistically signiﬁcant (diabetes type P  0.19, insulin treatment
P  0.11). However, because insulin is known to be neuroprotective (22,23),
the two groups were then explicitly balanced for diabetes type and insulin
treatment to prevent a potential confounding effect. After balancing, 104
rapidly progressing and 104 nonprogressing participants were identiﬁed for
further analysis, for a total n  208 (Fig. 1).
Secondary data analysis. In the secondary data analysis, rapidly progressing
participants were compared with nonprogressing participants. Variables that
were signiﬁcantly correlated or associated with decreased sural nerve MFD in
the primary analysis were advanced to the secondary analysis. The variables
were tested for signiﬁcant differences between the rapidly progressing and
nonprogressing groups using the Mann-Whitney nonparametric test (20).
Machine-learning analysis. Machine-learning analysis was performed ac-
cording to the American Diabetes Association Consensus Statement on
Computer Modeling of Diabetes (24). The rapidly progressing and nonpro-
gressing groups (Fig. 1) were used as a “training” set for seven machine-
learning techniques (Naïve Bayes, k-nearest-neighbor, support vector
machine, linear regression, random Forest, classiﬁcation tree and CN2 rule
based) (25). The accuracy, sensitivity, and speciﬁcity of each model was
estimated using leave-one-out cross validation (26). To ensure that overﬁtting
did not take place, the highest-performing and most sensitive models were
then tested on an independent dataset from the same population. The dataset
was taken from 56 participants who ﬁt the criteria of rapidly progressing (28
participants) or nonprogressing (28 participants) but who were not included
in the secondary analysis cohort. A classiﬁcation conﬁdence threshold was
chosen using this independent set, creating a third category of “unclassiﬁed”
participants that the model lacked conﬁdence to classify. Classiﬁcation
accuracy was reported based on this independent set. All analyses were
performed by one investigator (T.D.W.) using GraphPad Prism 5.01 for
Windows (San Diego, CA) and Orange (Ljubljana, Slovenia) (25).
RESULTS
The dataset included 748 participants in the ALC clinical
trials, but blood chemistries, initial sural nerve MFD, and
52-week sural nerve MFD were only available from 427
participants (Fig. 1). There were no signiﬁcant demo-
graphic, treatment, or metabolic differences between the
excluded cohort (321 participants) and those with the
necessary data for the primary analysis (427 participants).
ALC treatment did not affect sural nerve MFD loss (P 
0.87); therefore, data from ALC-treated participants were
pooled with placebo-treated participants in tests related to
outcome. The participants included in the primary analysis
were primarily male (67%), the majority had type 2 diabe-
tes (78%), and the majority (59%) were treated with insulin
(Table 2).
In the primary analysis, the baseline values of the
patient symptoms, functional neurological exams, blood
chemistries, and demographics were tested for association
with change of sural nerve MFD between the initial and
52-week sural nerve biopsies (Table 1). Five baseline
variables were signiﬁcantly correlated with a loss of sural
nerve MFD over the 52 weeks of the study. They were
TABLE 1
Signiﬁcance of correlation or association between possible risk
factors and MFD loss
Nominal
P value Correlation
Most bothersome symptom 0.58 NA
Total clinical symptom score 0.44 0.038
Toe vibration perception 0.40 0.041
Left-ﬁnger vibration perception 0.43 0.038
Right-ﬁnger vibration perception 0.96 0.003
Dominant peroneal motor NCV 0.005 0.136
Dominant peroneal motor
amplitude (knee) 0.71 0.018
Dominant peroneal motor
amplitude (ankle) 0.77 0.014
Sural sensory NCV 0.05 0.095
Sural sensory nerve amplitude 0.42 0.039
Nondominant median motor NCV 0.02 0.110
Nondominant median motor
amplitude (elbow) 0.90 0.006
Nondominant median motor
amplitude (wrist) 0.83 0.011
Nondominant median sensory
NCV (elbow) 0.08 0.086
Nondominant median sensory
amplitude (elbow) 0.05 0.094
Nondominant median sensory
NCV (wrist) 0.36 0.045
Nondominant median sensory
amplitude (wrist) 0.27 0.053
A1C 0.012 0.115
Triglycerides 0.02 0.110
BMI 0.54 0.029
Cholesterol 0.27 0.053
Hematocrit 0.84 0.010
Serum albumin 0.46 0.036
Diabetes duration 0.07 0.086
Age 0.13 0.074
Insulin 0.46 NA
Sex 0.10 NA
Drug treatment 0.87 NA
NA, not applicable.
TABLE 2
Patient characteristics at baseline
All
participants
Participants
with
complete
data
Matched rapidly
progressing and
nonprogressing
participants
n 748 427 208
Treatment
1,000 mg ALC 252 150 69
500 mg ALC 252 143 71
Placebo 244 134 68
Sex
Male 475 284 150
Female 273 143 58
Diabetes type
Type 1 168 95 40
Type 2 580 332 168
Most bothersome
symptom at
baseline
Burning 65 39 21
Numbness 213 114 55
Pain 213 126 58
Paresthesia 32 12 5
Tingling 88 59 29
Weakness 9 7 5
Other 128 126 36
Insulin treatment
Yes 447 251 118
No 301 176 90
Age (years) 53.0  11 53.1  10 53.4  11
Diabetes duration
(years) 12.3  8 12.3  8 11.6  8
BMI (kg/cm
2) 29.7  6 29.7  6 29.7  6
A1C (%) 8.8  1.8 8.8  1.7 8.8  1.7
Data are means  SD for continuous variables, unless otherwise
indicated.
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nondominant median motor NCV (R  0.11, P  0.02),
sural sensory NCV (R  0.10, P  0.05), A1C (R  0.12,
P  0.02), and triglyceride level (R  0.11, P  0.02). The
primary analysis was potentially confounded by the effect
of initial sural nerve MFD on MFD change. There was a
positive correlation between initial sural nerve MFD and
the size of the decrease of sural nerve MFD over 52 weeks
(R  0.14). To account for this confounding factor, the
variables with a nominal P value 0.05 were tested in a
subset of this dataset controlled for initial MFD.
Using the methodology in “Participant selection for the
secondary data analysis” in RESEARCH DESIGN AND METHODS,
two groups of participants were selected (n  208). The
groups did not differ signiﬁcantly in mean initial sural
nerve MFD (P  0.87), O’Brien rank-sum for neuropathy
(P  0.09), duration of diabetes (P  0.48), age (P  0.11),
or BMI (P  0.30). At 52 weeks, the rapidly progressing
group had signiﬁcantly decreased mean sural nerve MFD
(i.e., sural nerve MFD had decreased by 25% over the
course of the study) (P  0.0001) (Fig. 2A). In contrast, the
nonprogressing participants had no signiﬁcant change in
sural nerve MFD over the study period. The divergence of
diabetic neuropathy progression between these two
groups over the 52-week study period served as the basis
for the secondary data analysis.
When comparing the rapidly progressing and nonpro-
gressing participants, baseline triglycerides were signiﬁ-
cantly higher in the progressing group (P  0.04) (Fig. 2B).
Baseline peroneal motor NCV was signiﬁcantly lower in
the rapidly progressing participants (P  0.008) (Fig. 2C),
despite the similar sural nerve MFD of the groups at
baseline. There was no signiﬁcant effect of median motor
NCV, sural sensory NCV, or A1C in the secondary analysis.
A machine-learning paradigm was used to test the
hypothesis that multiple factors may combine to predict
the outcome of participants with diabetic neuropathy.
Using the same diverging groups of participants deﬁned
for the secondary analysis, blood chemistry, demographic
data, and clinical symptom score were assigned signiﬁ-
cance values with regard to decreasing or stable sural
nerve MFD. This process was repeated seven times using
different machine-learning techniques (see RESEARCH DESIGN
AND METHODS). The Naïve Bayes classiﬁer achieved the
highest sensitivity in detecting rapidly progressing partic-
ipants (57%) based on their baseline characteristics (Fig.
3A). The three most inﬂuential measures in this model for
predicting patient outcome were triglycerides, cholesterol,
and the clinical symptom score. A reﬁnement of this
classiﬁer creates a third category of unclassiﬁed, where
the model lacks conﬁdence to classify the participant as
more likely progressing or nonprogressing. If only those
participants with a high classiﬁcation conﬁdence (56%)
were assigned a prediction, overall accuracy increased to
63% (Fig. 3B), which was greater than any other model
tested.
DISCUSSION
Of 748 initially recruited participants in this randomized
placebo-controlled ALC trial, we were able to analyze data
from 427 participants using the change in sural nerve MFD
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FIG. 2. MFD of the rapidly progressing and nonprogressing participants and signiﬁcant changes between the groups. A: The nonprogressing
dataset shows a no change in MFD (ﬁbers/mm
2) over 52 weeks, while the progressing dataset shows a highly signiﬁcant decrease in MFD. Baseline
measurements of triglyceride levels (B) and peroneal motor NCV (C) are signiﬁcantly different between the progressing and nonprogressing
participants. *P < 0.05; ** P < 0.01; *** P < 0.0001.
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measure. The primary analysis showed a correlation be-
tween the outcome measure and baseline motor and
sensory NCVs, A1C, and triglycerides. To identify factors
speciﬁc to the rate of diabetic neuropathy progression as
measured by MFD, participants with the same degree of
diabetic neuropathy at baseline were divided into two
groups with either no disease progression or rapid pro-
gression over the 1-year study. Triglyceride levels and
peroneal motor NCV were the only factors that signiﬁ-
cantly differed between the nonprogressing and rapidly
progressing participants. A model for predicting the pro-
gression of diabetic neuropathy based on these data
performed with 63% overall classiﬁcation accuracy.
Our primary outcome measure, MFD, is a quantitative,
highly reproducible measure of nerve health (13,27–29).
MFD correlates strongly with both motor and sensory NCV
in diabetic neuropathy and other neuropathies (13,27–29),
but unlike motor NCV, MFD does not vary with acute
metabolic disturbances (30–32).
Our primary data analysis on the 427 participants re-
vealed correlations between decreased sural nerve MFD
over the one year study period and peroneal motor,
median motor and sural sensory NCV, A1C and levels of
triglycerides. While statistically signiﬁcant, these correla-
tions were not robust. This may be partially due to the fact
that these data were confounded by the effect of initial
sural nerve MFD. Variation in initial sural nerve MFD may
be due to type and duration of diabetes, age and sex, the
range of A1C values at baseline, and other metabolic
variables. Similar variability in baseline diabetic neuropa-
thy has been reported in other clinical, observational, and
treatment trials (4,5). Our goal was to examine parameters
associated speciﬁcally with diabetic neuropathy progres-
sion; therefore, the study cohort was separated into two
distinct populations with similar baseline diabetic neurop-
athy and the presence or absence of a signiﬁcant loss of
sural nerve MFD over the 52 weeks of the study. By
deﬁning our groups as having a similar degree of diabetic
neuropathy at baseline as deﬁned by the O’Brien score, we
may underestimate the true statistical signiﬁcance of NCV
differences at baseline. However, this underestimation is
necessary to ensure that we have truly diverging groups.
Comparisons of these two groups indicate that partici-
pants with rapidly progressing diabetic neuropathy (MFD
loss 500/mm
2) exhibited elevated triglycerides and
greater deﬁcits in peroneal NCV at baseline than the
nonprogressing participants.
The Diabetes Control and Complications Trial and its
continuation, the Epidemiology of Diabetes and its Com-
plications (7,8), established hyperglycemia as the primary
cause of diabetes complications. Consistent with these
studies, we initially found that elevated A1C correlated
with loss of sural nerve MFD. However, when directly
comparing participants with a similar degree of baseline
diabetic neuropathy (i.e., similar sural nerve MFD), A1C
did not differ between rapidly progressing and nonpro-
gressing participants; it was not a speciﬁc marker for
diabetic neuropathy progression in this study. This sug-
gests that other factors may underlie variation in the
progression of diabetic neuropathy. In the last decade,
abnormalities in insulin signaling, caused by insulin deﬁ-
ciency, as in type 1 diabetes, or insulin resistance, as in
type 2 diabetes, have been invoked as additional pathoge-
netic components in diabetic neuropathy. This is under-
scored by the data from the longitudinal Rochester Study,
in which type 1 diabetes was found to be a major risk
factor for severity of diabetic neuropathy (33). Experimen-
tal studies also suggest that insulin deﬁciency is a major
contributor to diabetic neuropathy, because of the prom-
inent neurotrophic effects of insulin (22,23). For this
reason, the number of participants with type 1 diabetes
and those treated with insulin was balanced when deﬁning
the progressing and nonprogressing groups.
In contrast to A1C, baseline serum triglycerides were
signiﬁcantly elevated in the rapidly progressing compared
with the nonprogressing groups. Triglycerides are compo-
nents of HDL, LDL, and VLDL lipid transporters. When
measured in serum, free triglycerides are a surrogate
marker of endogenous lipid transport pathway activity.
Free triglycerides are released from VLDL, leading to their
conversion to LDL (34).
Our ﬁndings support the emerging idea that dyslipide-
mia contributes to the development of diabetic neuropa-
thy. This hypothesis may explain the earlier incidence of
diabetic neuropathy in individuals with type 2 diabetes
19 data points
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22 data points
Likely to progress
(true probability 59.1%)
Likely not to progress
(true probability 68.4%)
15 data points
Probability of progression
from Bayes classifier
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FIG. 3. Naïve Bayes classiﬁer performance in an independent group of participants. A: Important variables in the model are triglycerides,
cholesterol, and clinical symptom score. B: The model assigns a probability of progressing to each participant. When the probability is >56% or
<44%, a speciﬁc outcome is predicted.
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later in the course of type 1 diabetes, and the delayed
development of an abnormal lipid proﬁle coincides with
the delayed onset and progression of diabetic neuropathy
(35,36). In this study, triglycerides were signiﬁcantly ele-
vated in those participants exhibiting diabetic neuropathy
progression independent of diabetes type or insulin treat-
ment. These data conﬁrm reports from several large-scale
trials of participants with type 2 diabetes that also point to
early dyslipidemia as a major independent risk factor for
the progression of diabetic neuropathy (37,38). Correction
of dyslipidemia with statins has an ameliorative affect on
the development and progression of diabetic neuropathy
(39,40).
Peroneal motor NCV also differed between the progress-
ing and nonprogressing groups at baseline. This ﬁnding is
more indicative of concordant damage to peroneal and
sural nerve function than of a speciﬁc mechanism for that
damage. Multiple studies (13,27–29) agree with our ﬁnd-
ings and report a correlation between MFD and NCV.
However, in the current study, decreased peroneal motor
NCV was detectable prior to the loss of a signiﬁcant
amount of sural nerve sensory ﬁbers, as assessed by sural
nerve MFD. This most likely reﬂects metabolic nerve
dysfunction in the peroneal nerve rather than earlier nerve
ﬁber loss and is consistent with experimental models of
diabetic neuropathy (31). While NCV and ﬁber density are
closely related, factors other than ﬁber density, such as
acute metabolic disruption (41,42), affect NCV without
resulting in nerve ﬁber loss.
Modeling done on this dataset was motivated by the
desire to identify noninvasive predictors of the loss of
MFD. The American Diabetes Association has issued
guidelines (24) for the use of modeling and machine
learning that specify that validation of a model should be
done in three ways: the model should ﬁrst be validated on
the initial dataset, then the data should be validated on an
independent set from the same experiment, and ﬁnally an
independent set from a different experiment from which
the same parameters were collected. In this study, only the
ﬁrst two parts of the recommended validation could be
completed due to the lack of additional published datasets
with serial sural nerve biopsies. We found that a model for
predicting the progression of diabetic neuropathy using
the American Diabetes Association guidelines for model-
ing and machine learning performed with 63% overall
classiﬁcation accuracy. The three most inﬂuential mea-
sures in this model for predicting patient outcome were
triglycerides, cholesterol, and the clinical symptom score.
Interestingly, despite being signiﬁcantly different between
progressing and nonprogressing patients, NCV was not a
major contributor to this predictive model. This may be
because the difference between the two groups, while
signiﬁcant, was 5%. The Baysean model used may not be
sensitive enough to include this subtle change. A special-
ized learning algorithm or a measure with greater dynamic
range may allow us to include this important predictor in
future modeling. Future informatics studies on diabetic
neuropathy hold promise and are being proposed on the
Diabetes Control and Complications Trial/Epidemiology of
Diabetes and its Complications cohort.
In summary, both elevated triglycerides and reduced
peroneal motor NCV are predictive of a dramatic decrease
in sural nerve MFD over a 1-year period. The correlation
between triglycerides and diabetic neuropathy progres-
sion suggests that hyperglycemia and aberrant glucose
metabolism are not the only factors contributing to nerve
damage. The exact mechanism underlying triglyceride
mediated injury has yet to be elucidated but may dysregu-
lated lipid metabolism within motor and/or sensory neu-
rons. These same factors, along with acute metabolic ﬂux,
may explain the correlation between reduced peroneal
motor NCV and rapidly progressing diabetic neuropathy.
We have also demonstrated that given an adequate data-
set, predictive models of diabetic neuropathy progression
may be trained using standard machine learning
techniques.
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